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Abstract 
In this paper, we were interested in studying some of interesting physicochemical properties of colloidal sediments of Litani 
River in Lebanon. More than 15 geographical sites were selected in different zones composing the Litani River from Baalbek 
region located in the north-east of Lebanon to Kasmeyeh in the south of Lebanon where the River meets the Mediterranean sea. 
The effect of the seasonal variations in the sediment quality and the relationship of this variability with human activities were 
also studied including the physical and chemical properties of sediments of Litani river in Lebanon, and especially the zeta 
potential of the sediments selected from the different sites on the Litani River. 
© 2013 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the Organizing Committee of CSM8-ISM5. 
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1. Introduction 
The physicochemical properties of sediments of rivers commonly have been explained as reflecting the composition 
of the source rocks, mechanical and chemical weathering, winnowing and sorting, climate, plus several other, 
possibly less important, factors (Piper et al. (2006), Gilbert (1917), Russell (1937), Gibbs (1967) and Knox (2001)). 
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The identification of the effect of some natural parameters can contribute to the identification the influence of the 
human activities (agricultural, industrial and touristic activities), on the physicochemical properties of the sediments, 
and especially composed by oxides and trace elements. Some metals and organic compounds can be introduced to 
the rivers through human activity (Piper et al. (2006), Meade (1995).  
The composition of the bed sediment is compared  
(1) to the composition of associated soils (the regolith), to ascertain its relationship with its source, 
(2)  and to suspended sediment collected from the River itself, to examine the influence of transport on 
variations in its composition. 
More immediate sources of bed sediment include surface deposits that are derived from the local bedrock and stored 
for a time before being transported out of the basin (Knox (2001), Meade et al. (1990) and Beach (1994)). 
Taylor et al. (1990), Garbarino et al. (1995), Antweiler et al. (1995), Rice (1999) and Turner et al. (2003) showed 
that agricultural, industrial, and municipal waste has further elevated nutrient, trace element, and organic matter 
concentrations in the rivers. The distributions of the major-element oxides and several trace elements are shown to 
reflect provenance and currently established weathering and transport processes, despite changes from human 
activity, disparate sampling schemes (for bed sediment, suspended sediment, and the regolith), and the complex 
assemblage of sediment sources. Elements whose distributions cannot be attributed totally to these factors have been 
shown by others to have an anthropogenic source (Piper et al. (2006)). 
River inputs and outlets are very important to determine the physicochemical properties of sediments and their 
composition (Fang et al. (2009)). Sediments are affected by anthropogenic disturbances in a direct (e.g. pollution), 
or an indirect way (e.g. alterations of landscape resulting in enhanced natural weathering). 
Thus, the outlets of rivers and all types of estuaries are characterized by strong hydrodynamic and physico-chemical 
gradients, wherein the fluxes of the transported material can be substantially modified (Radakovitch et al. (2008)).  
Many authors (Radakovitch et al. (2008), Miller et al. (2003), Horowitz et al. (1987) demonstrated that estuarine 
sediments can act both as sinks and secondary sources of trace metals for the adjacent marine environment and the 
type of specific function is defined both by physical and chemical (including biochemical) factors. Birch et al. 
(2001), evocated that the major physical factor that controls fate and transport of contaminants is the energy of the 
overlying flow.  
The size of sediments is very affected by high energy systems that lead to coarse-grained loads, with weak 
concentration of metals as shown by Birch et al. (2001) and Horowitz et al. (1987)), whereas the low energy systems 
conduct to fine-grained, bearing considerable natural metal loads and acquire additional contaminant content 
because of the high sorptive capacity of the fine particles (Kersten and Smedes, (2002)). 
The chemical factors that define the fate and transport of metals in estuarine sediments primary refer to the types by 
which associate with particulates. Lattice-held metals are considered as environmentally immobile, under normal 
environmental conditions (Botsou et al. (2011)). 
On the other hand, metals bound to secondary geochemical substrates, or attached to biogenic particulate matter, 
may remobilize under changing physicochemical conditions. 
Nevertheless, there is a close linkage of physical and chemical factors described by Horowitz et al. (1987) ; 
secondary geochemical substrates (organic matter, Fe/Mn oxy-hydroxides) are found to be linked to fine particles, 
either as the result of coagulation and precipitation of colloids, or as surface coatings on clays (Kersten and Smedes, 
(2002), and Jackson (1998)). Thus, the more ‘‘constant’’ the river flow (given the certain variation within the 
interannual cycle), the smoothest the gradient of granulometric composition is along the river discharge zone and the 
surrounding sea. 
In the Mediterranean Sea, apart from few large, perennial rivers (catchment area >20,000 km2), there are hundreds 
of small (catchment area <500 km2) and medium size (<5000 km2), intermittent or ephemeral, riverine systems, 
representing 11.9% of the total to 42.4% when one excludes the Niles River basin (2870x103 km2) (CIESM (2006) 
). Typical characteristics of these systems include (a) high variation in river flow and discharge, (b) high sediment 
discharge, mostly occasional, (c) many scattered polluting activities in small catchment areas, and (d) lack of 
systematic environmental management (including monitoring) of river basin (Botsou et al. (2008)). The above 
characteristics when considered collectively ‘‘magnify’’, rather than differentiate, the processes that define the fate 
of metals compared to large rivers. Nonetheless, little is known about the extent in which such small systems 
contribute to coastal pollution (Nicolau et al. (2006)). 
With the determination of the impact of pollution on the physicochemical properties of river water, many 
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approaches have been developed in order to reduce natural variability in heterogeneous sediments. These 
approaches include: physical and mathematical approaches (geochemical co-factor normalizations), establishment of 
local background levels and use of enrichment factors, and chemical procedures such as quantification of labile 
forms of metals (Botsou et al. (2011)). 
Other studies were developed in the Middle East region and more particularly in Lebanon and some of them were 
devoted to the Litani River. The Litani Basin is the largest basin and the most important river in Lebanon because of 
its length (170 km) and its many tributaries including 30 major sources and about 140 wells operated by the 
government and a large number of small sources and more than 1,200 wells are also used by farmers (NOL, 2010). 
Litani River is divided into two parts, an upper part that goes from source to Lake Qarraoun, and a second part from 
the lake to the Mediterranean sea and watersheds occupy an important place in the ecology of Lebanon. In addition 
to their essential role in irrigated agriculture, the Litani basin determines the richness and diversity of flora and 
fauna in Lebanon, especially in the deep valleys where the local climate is mild. The Litani River is subjected to 
strong pressure from urban, industrial and agricultural development concentrated in coastal areas and intense 
agricultural activity and its related industries. More broadly, the water quality is affected by the excessive use of 
agrochemicals by uncontrolled releases of food industries, leather industries, paper and some chemical industries, 
the lack of effective protection of natural resources, by exposure distribution systems to sewage infiltration and 
absence of suitable water treatment. 
In 1990, the Ministry of Water Resources and Electricity (Moher, 1990) conducted a national study of water quality. 
It showed that about 70% of all natural water sources and water pipes are exposed to bacterial pollution. The lack of 
sewage treatment plants, discharges from factories and hospitals, fertilizers and pesticides threaten the quality of 
groundwater and surface water pollution by a sizable attack. Faced with rapid social and economic developments, 
the pressing needs changing to a limited dynamic and threatened resource, integrated management of water 
resources is required every day. 
Very few studies have been conducted along the Litani specifically considering the physicochemical and colloidal 
properties of sediments. Particular attention will be paid to the physical chemistry of particles suspended in water 
and special attention will be focused on the important role of sediment due to the presence of colloidal matter and 
their cation exchange capacity. 
In this paper, we are interested in the assessment of seasonal variations in the sediment quality (surface and 
groundwater), and the relationship of this variability with human and in the evaluation and strengthening of 
databases Litani basin, including the physical and chemical properties of sediments of Litani river in Lebanon. 
2. Methods 
2.1. Sampling and sites 
Samples of water and sediments were collected from 17 representative points throughout the Litani River and two 
samplings were performed (Figure 1). GPS and other devices have been used for sampling. 
2.1. Methods and experimental results 
Several techniques were used for the analysis of water and sediments: Atomic absorption spectrometry, Ion 
chromatography (IC), Flame photometer, Zetametry, FTIR and DRX techniques. The change in the degree of 
pollution (domestic, agricultural and industrial) were determined by measuring the physicochemical parameters: 
Theȱtemperature,ȱpH,ȱelectricalȱconductivityȱ(EC),ȱtotalȱdissolvedȱsolidȱ(TDS)ȱandȱdissolvedȱoxygenȱ(DO)ȱ
ofȱeachȱsampleȱwereȱmeasuredȱinȬsituȱusingȱaȱmercuryȱthermometer,ȱdigitalȱpH,ȱECȱandȱDO;ȱrespectivelyȱ
andȱammonium, nitrate, nitrite, phosphate, potassium, sulfate, chloride and heavy metals.
2.1.1. The pH of the medium 
The pH of the medium is a physical parameter that determines the acidity or alkalinity. pH measurements show that 
all wells are in the range of standard drinking water. During the winter period the pH of samples is between 7.0 and 
8.4, while in spring period, the values range between 7.7 and 8.0, this indicates that the pH values vary little and are 
close to the natural values for the upper part while the pH of the strongly basic bottom part is between 9 and 10 
(Table 1). 
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Fig. 1. Litani River in Lebanon 
2.1.2.  The electrical conductivity  
The electrical conductivity (EC) depends on the presence of ionic species contained in the water. The values of 
electrical conductivity show that these parameters do not exceed international standards of water (Table 1). 
Table 1. Values of pH, EC and T of different sites. 
Site name pH EC(mS/cm) TDS (mS/cm) T (oC)
At the beginning (Qaraaoun) 8.4 70 50 10 
Middle (Qaraoun) 9.7 117 287 3 
Elect. Station (Berdawni) 8.5 140 250 3 
Source (Berdawni) 9.02 110 244 3 
Skaf stationf station 9.2 131 - 6 
Deir-zanoun 9.1 100 528 10 
Hawch AlRafika 9.2 110 440 7 
LF (Zahlé) 8.5 52 - 10 
Hotel Massabki 8.4 70 285 10 
Bidnayel 9.5 120 378 9 
Khardali site 7 50 240 15 
Kaakei jesr 6.8 52 248 13 
Tayrfilcay village 6.9 54 233 13 
Bourjrahal village 7 50 241 12 
Kasmeyeh 6.6 53 300 17 
2.1.3. Totalȱdissolvedȱsolid
The totalȱ dissolvedȱ solidȱ (TDS) parameter measures the Total Dissolved Amount of Substance, a high 
concentration of salt in water or in soil negatively affect crop yields, cause soil degradation and pollution of 
groundwater. The results (Table 1) show that this parameter is in agreement with the standards. 
2.1.4.  Chemical parameters 
The analysis of sulfate, chloride, bromide, nitrate and nitrite ions were performed using ion chromatography 
apparatus (IC) (Table 2). The obtained results concerning the different ions are given below. 
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2.1.4.1. Sulphate ions 
The presence of sulphate ions in water is related to the dissolution of the gypsum content in the manure and the 
synthesis product in the industry. The highest values were recorded during the preparation of the soil before the crop 
with an average of 25 mg / L (Table 2), following the evaporation phenomenon. It seems that the sulfate 
concentration is higher during the period of time of fertilizer uses. 
2.1.4.2. Chloride ions  
The chloride ions are different from those of other features, they are not adsorbed by the geological formations, do 
not combine easily with chemical elements and are very mobile. The concentration of chloride ions is a good 
indicator of pollution. Chloride ions can result from sandy clays or the discharge of wastewater. Table 2 shows a 
difference in the concentration of various ions depending on the chosen site. One notices high values of chloride, 
nitrate and sulphate ions. 
Table 2. Concentrations of sulfate, chloride, bromide, nitrate and nitrite ions in selected sites.
Sample name Cl- NO2- Br-* NO3- SO42-
After bridge (Qaraoun) 22 3 - 15.9 28.9 
Front axle (Qaraoun) 23 4.3 - 19.6 31.3 
At the beginning (Qaraoun) 18 3.8 - 12.2 24.2 
Middle (Qaraoun) 22 4.1 - 19.8 30.5 
Elect (Berdawni) 5 1.3 - 4.5 6.5 
Source (Berdawn 6 1.5 - 5.7 13.4 
Skaf station  6 1.2 - 5.3 8 
Deir Zanoun 29 2.5 - 9.4 25.2 
Hawch AlRafika 19 1.9 - 3.6 16.7 
LF (Zahlé) 6 - 0.97 4.5 8.2 
Hotel Massabki 6 - 0.99 8.3 8.8 
Bidnayel 50 3.3 6.7 42 31 
Khardali 11 - 1.7 8.5 10.1 
Kaakei jesr 11 - 1.8 9.5 10.6 
Tayrfilcay village 12 - 1.8 9.8 10.8 
Bourjrahal village 13 - 2. 10.8 11.3 
Kasmeyeh 16 - 2.4 10.8 11.5 
The concentrations of anions are expressed in ppm (mg/L) 
* Missing values mean ions not detected in the corresponding sites. 
Table 3. Concentrations of lithium, potassium and sodium ions in various selected sites
Sample Name Li+ K+ Na+
After bridge (Qaraoun) 0.1 3.9 25.9 
Front axle (Qaraoun) 0.1 4.0 26.0 
At the beginning (Qaraoun) 0.1 3.6 21.5 
Middle (Qaraoun) 0.1 3.8 25.6 
Elect (Berdawni) 0.1 0.7 5.5 
Source (Berdawni) 0.1 1.3 7.8 
Skaf station 0.1 1.1 8.0 
Deir Zanoun 0.1 6.1 30.5 
Hawch AlRafika 0.1 4.5 19.7 
LF (Zahlé) 0.1 1.8 7.3 
Hôtel Massabki 0.1 0.7 7.0 
Bidnayel 0.1   
Khardali 0.1 1.0 10.5 
Kaakei jesr 0.1   
Tayrfilcay village 0.1 1.3 13.0 
Bourjrahal village 0.1 1.5 14.8 
Kasmeyeh 0.1 1.7 18.0 
On the other hand, the results obtained with potassium, sodium and lithium are presented on table 3, and they were 
performed using a flame photometer. Potassium ions are resulted from the alteration of potassium clays and 
dissolution of chemical fertilizers (NPK), which are used extensively by farmers. The presence of this element can 
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also be related to the discharge of domestic sewage.  
2.1.4.3. Heavy metals 
The analysis of heavy metals (cadmium, copper, manganese, iron, chromium) was performed on atomic absorption 
spectrophotometer (Table 4). Most of samples are above the standard of the drinking possibility of water levels (see 
Table 4). Ions (Mg 2 +) come as calcium ions, the dissolution of carbonate formations rich in magnesium (dolomite). 
Table 4. Concentration of heavy metals present in the different samples. 
Elements 
(mg/L) 
Cu  Cd Cr  Fe Mn Zn Mg
(mg/L)*50 
Pb  Ca  
Samples 
S1 0.04 0.008 - 0.113 - 0.017 0.255 - 30 
S2 0.03 0.005 - 0.310 0.049 0.020 0.272 - 35 
S3 0.02 0.012 - - - 0.013 0.237 - 24 
S4 0.04 0.014 - 0.222 0.01 0.038 0.220 - 32 
S5 0.02 0.010 - - - 0.010 0.232 - 31 
S6 0.03 0.012 - 0.105 0.071 0.038 0.247 - 39 
S7 0.01 0.010 - 0.062 0.021 0.014 0.250 - 26 
S8 0.01 0.014 - - 0.019 0.011 0.343 - 22 
S9 0.01 0.009 - - 0.032 0.013 0.239 - 25 
S10 0.01 0.015 - 0.019 0.044 0.017 0.212 - 30 
S11 0.01 0.021 - - 0.039 0.008 0.556 - 17 
S12 0.01 0.020 - 0.016 0.014 0.014 0.255 - 24 
Table 5. Concentration of heavy metals in sediments from different sites 
Elements 
(mg/L) 
Cu  Cd  Cr  Fe  Mn Zn Mg  Pb Ca
Samples          
howch-refka 0-10 0.29  
<To
detection
limit 
0.83 173.40 2.56 1.54 59.37 0.34 1210 
Howch-refka10-20 0.31 0.76 170.44 2.37 1.33 58.29 0.28 57 
Deir-zanoun 0-10 1.06 1.25 251.11 3.15 8.57 69.68 0.61 941 
Deir-zanoun 10-20 1.05 1.24 243.2 3.06 9.22 70.79 0.51 1050 
Massabki 0-10 0.19 0.93 720.21 7.64 1.66 40.76 0.14 561 
Massabki 10-20 0.29 1.22 865.66 18.58 2.11 53.14 0.34 1063 
Berdawni 0-10 0.07 0.27 223.54 1.96 0.75 78.54 - 637 
Berdawni 10-20 0.16 0.29 299.1 2.10 0.60 78.55 - 685 
Scaff Station 0-10 0.16 0.39 193.72 2.16 1.16 96.685 0.14 1075 
Scaff Station 10-20 0.12 0.34 207.08 1.79 0.86 87.035 - 1002 
LF 0-10 0.29 0.33 184 1.62 0.76 82.53 0.27 826 
LF 10-20 0.16 0.23 140 1.35 0.67 76.55 0.19 880 
Bednayel 0-10 0.51 0.87 240 4.43 2.71 59.15 0.65 1205 
Bednayel 10-20 0.59 0.81 171 4.11 1.78 68.11 0.38 1371 
Beginning of Qaraoun  
0-10 
0.19 0.63 218 3.32 0.90 49.98 0.31 1608 
Beginning of Qaraoun 
10-20 
0.72 1.98 266 3.64 3.36 56.04 0.34 1526 
Mid Qaraoun 0-10 0.33 0.65 298 4.22 1.87 59.28 0.30 1344 
Mid Qaraoun 10-20 0.29 0.63 241 3.81 1.71 53.93 0.28 1061 
After bridge (Qaraoun) 0-
10 
0.32 0.98 198 2.75 1.97 54.68 0.25 1185 
After bridge (Qaraoun) 
10-20 
0.50 1.88 456 5.36 3.13 67.5 0.44 1272 
Khardalli 0.14 0.39 405 3.63 1.14 23.69 - 1038 
Kakaye 0.08 0.21 211 2.50 0.63 12.92 - 77 
Tayr-felsay 0.07  0.19 158 1.99 0.59 15.22 0.10 152 
Jisr abou abdalla 0.05 0.14 164 1.59 0.50 14.05 0.02 277 
Kasmeye 0.19 0.63 247 4.23 1.21 57.29 0.32 933 
(0-10/10-20 cm of sediment samples collected in different depths already determined). 
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Iron 
Iron is the fourth abundant element in the earth's crust and the first among the heavy metals. It is found mainly in the 
form Fe + + or Fe + + +. The dissolved iron ion in ground water is in the reduced form (Fe + +), which is soluble. The 
latter is oxidized to Fe + + + ion by contact with oxygen from the air, so the concentration of iron in well-aerated 
water is rarely high. Fe + + + ions precipitated as insoluble hydroxides in water are precipitated or adsorbed to 
sediment. Its presence in high concentrations is probably due to plant discharges, as well as domestic discharges. 
2.1.4.4. Analysis of sediment 
Core samples of 20 cm were made in sediments from different geographical locations of the Litani, the results of 
sediment analysis are presented in Table 5. 
Preliminary results (Table 5) show that changes in concentrations of heavy metals in sediments vary slowly in depth. 
These insignificant changes in depth, however, are very important from a site to another, which will provide water 
to the various sites of the physico-chemical properties that are very different from one place to another basin. 
2.1.5. Zeta potential study 
The values of Zeta potential sediment samples collected at depths determined by varying the pH were obtained 
using a Zetasizer allowing both to determine the size of the different sediments. 
Table 6. Values of the zeta potential of the sediments at pH 5 from different sites (in pure water). 
parameter Zeta potential (mV) parameter Zeta potential (mV) 
samples  samples  
howch-refka 0-10 -44 Bednayel 0-10 -53 
Howch-refka 10-20 - Bednayel 10-20 -47 
Deir-zanoun 0-10 - At the beginning of Qaraoun -41 
Deir-zanoun 10-20 -40 Mid Qaraoun 0-10 -51 
Massabki 0-10 -50 Mid Qaraoun 10-20 -49 
Massabki 10-20 -47 After the bridge (Qaraoun) 0-10 -47 
Berdawni(elec) 0-10 -53 After the bridge (Qaraoun) 10-20 - 
Berdawni(elec) 10-20 -58 Khardalli -54 
Skaff 0-10 - Kakaye -48 
Skaff 10-20 - Tayr-felsay -56 
Libano-francais 0-10 - Jisr abou abdalla -52 
Libano-francais 10-20 -58 Kasmeye -51 
Table 6 shows that at pH 5, the values of the zeta potential are comprised between -40 and -60 mV with a small 
effect of depth on the value of the zeta potential, which rarely exceeds 10%. The negative zeta potential confirms the 
state of the surfaces of metal oxide-rich sediments. This result must be confirmed in the near future by X-ray 
diffraction measurements. The same study was carried out by varying the pH of the colloidal dispersions of 
sediments from different regions of the Litani River. The obtained results are given in Table 7. 
Table 7. Values of the zeta potential of the sediment to pH 3 different sites in pure water. 
parameter Zeta potential (mV) parameter Zeta potential (mV) 
samples  samples 
howch-refka 0-10 -21.02 Bednayel 0-10 -26.88 
Howch-refka 10-20 -49.45 Bednayel 10-20 -21.28 
Deir-zanoun 0-10 -32.77 At the beginning of Qaraoun -19.93 
Deir-zanoun 10-20 -22.99 Mid Qaraoun 0-10 -21.32 
Massabki 0-10 -17.7 Mid Qaraoun 10-20 -27.24 
Massabki 10-20 -21.96 After the bridge (Qaraoun)  0-10 -29.11 
Berdawni(elec)  0-10 -20.58 After the bridge (Qaraoun)  10-20 -23.42 
Berdawni(elec)  10-20 -21 Khardalli -24.33 
Scaff 0-10 -36.23 Kakaye - 
Scaff 10-20 -37.97 Tayr-felsay -24.38 
Libano-français 0-10 -22.33 Jisr abou abdalla -28.25 
Libano-français 10-20 -24.59 Kasmeye -20.47 
Table 7. clearly shows a significant diminution of the zeta potential in absolute value up to 50% (between -20 and -
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50 mV). The effect of depth on the value of the zeta potential becomes higher at pH 3 and reaches in some places 
(Howch-refka) above 100% variations (from -20 to -50 mV) ranging from 10 cm to 20 cm. 
3. Conclusions 
This study allowed us to understand some physicochemical properties of water and sediments of the selected sites in 
the Litani River in Lebanon. Results showed some variations from a site to another and also showed an effect of the 
season variations. The human activities exert an important influence on the chemical properties of the sediments. 
The experiments already made must be completed by varying the pH of colloidal dispersions and to observe the 
physico-chemical behaviour of sediments at different sites of the Litani in basic medium (pH8 to, pH11) and 
understand the effect of depth the physicochemical properties, then draw the evolution of the zeta potential versus 
pH for all sites already selected using distilled water and river water for each sample. It will be very interesting to 
study the effect of the electrolyte concentration on the colloidal dispersions of selected sediments. This study should 
also be complemented by X-ray diffraction measurements, the surface energy measurements and acid-base 
properties in the sense of Lewis by inverse gas chromatography (IGC) at infinite dilution. 
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